A B S T R A C T The effect of infusions of hyperoncotic solutions on fractional sodium reabsorption by the pro)imal tubule of the dog was studied by the recollection micropuncture method. Tubule fluid to plasma inulin concentration ratios were measured for identified proximal tubule segments before and after infusion of 25%o albumin or dextran solutions. Results were compared with changes in fractional reabsorption during saline diuresis. Plasma volume increased 66% + SE 5.8 after infusion of albumin solution and 94% + SE 8.2 after infusion of dextran solution. Fractional sodium reabosorption by the proximal tubule was depressed after infusion of both of these hyperoncotic solutions. Nevertheless, changes in sodium excretion after infusion of albumin and dextran were small. In contrast, after infusions of isotonic sodium chloride solution, which increased plasma volume 61 % + SE 5.8, a decrease in fractional reabsorption of 50.7%o + SE 7.2 was associated with large changes in sodium excretion.
A B S T R A C T The effect of infusions of hyperoncotic solutions on fractional sodium reabsorption by the pro)imal tubule of the dog was studied by the recollection micropuncture method. Tubule fluid to plasma inulin concentration ratios were measured for identified proximal tubule segments before and after infusion of 25%o albumin or dextran solutions. Results were compared with changes in fractional reabsorption during saline diuresis. Plasma volume increased 66% + SE 5.8 after infusion of albumin solution and 94% + SE 8.2 after infusion of dextran solution. Fractional sodium reabosorption by the proximal tubule was depressed after infusion of both of these hyperoncotic solutions. Nevertheless, changes in sodium excretion after infusion of albumin and dextran were small. In contrast, after infusions of isotonic sodium chloride solution, which increased plasma volume 61 % + SE 5.8, a decrease in fractional reabsorption of 50.7%o + SE 7.2 was associated with large changes in sodium excretion. INTRODUCTION The studies of DeWardener, Mills, Clapham, and Hayter (1) and Levinsky and Lalone (2) Received for publication 10 January 1968 and in revised form 6 March 1968. dog results in an increase in sodium excretion despite a reduction in glomerular filtration rate. Thus, a depression of sodium reabsorption contributes to the natriuresis after saline administration. Subsequent micropuncture studies in the dog (3) and rat (4) have revealed depressed, fractional sodium reabsorption in the proximal tubule after infusion of isotonic saline. Depression of fractional sodium reabsorption by the proximal tubule has been thought responsible for the large increase in sodium excretion after infusion of saline.
The present studies were designed to determine the effect on fractional reabsorption of sodium by the proximal tubule of expansion of the vascular volume at the expense of the interstitial volume. Since expansion of the vascular volume with hyperoncotic salt-poor albumin does not cause a natriuresis (5-7), we anticipated that sodium reabsorption by the proximal tubule would either remain at levels observed in hydropenia or would increase. Infusion of either hyperoncotic albumin or dextran solutions into dogs had little or no effect on sodium excretion; however, it did result in a large depression of sodium reabsorption by the proximal tubule. Recollection micropuncture experiments. Dogs were anesthetized with pentobarbital (30 mg/kg). A tracheotomy was performed. Cannulae were inserted into both external jugular veins for intravenous infusions and into the right femoral vein for blood sampling. The right ureter was catheterized through a suprapubic incision. The left kidney was exposed through a subcostal incision, and prepared for micropuncture as previously described (3) .
METHODS
A priming dose of 240 mg/kg of inulin was followed by a constant inulin infusion at 4.8 mg/kg per min in 1.0 ml/min of saline. Samples were obtained by micropuncture from proximal tubules on the surface of the kidney and urine was collected in 15-min periods during continued hydropenia. Urine was collected from both experimental and control kidneys. Blood samples were drawn at the mid-point of urine collection periods.
After the collections of urine, blood, and proximal tubule fluid during hydropenia, one of the four infusions was given: (1) Albumin solution, 25% human albumin solution (salt-poor human albumin)1 found to contain 127 mEq/liter of Na+ was infused at 0.32 ml/kg per min for 20 min in seven dogs. When urine flow and hematocrit had stabilized, 30 min after completion of the albumin infusion, second samples were collected from the previously punctured tubules at the original puncture sites. Proximal tubule fluid, urine, and blood samples were obtained, as in the protocol, Table I Ia,b, first and second collection of tubule fluid from the same tubule.
NaCl was infused in the same manner as the albumin solution and recollection samples of tubule fluid were obtained from 19 dogs at varying intervals from 30 to 180 min after the infusion had been completed. In three of these animals tubule fluid samples were recollected 30 min after the completion of the dextran infusion and again from the same tubules 60-85 min later. The dextran used had an average molecular weight of 101,000 with 95% of the preparation having a molecular weight between 45,000 and 160,000. To test whether a significant amount of the dextran was filtered by the kidney, a normal hydropenic dog was given the standard dextran infusion without having been given inulin. The anthrone method of Fuhr, Kaczmarczyk, and Kruttgen, (8) , found to be 50 times less sensitive for dextran than for inulin, was used to estimate dextran concentration in plasma and urine. Clearance of dextran in this dog was 0.6 ml/min and compared with the normal inulin clearance under these conditions of approximately 60 ml/min indicates that less than 1% of the circulating dextran was filtered. This value agrees with the observation of Wallenius that no dextran of molecular weight exceeding 55,000 appears in the urine (9) . (3) Control solution: To evaluate the effect of the salt and fluid volume associated with the albumin and dextran solutions, a 127 mEq/liter of NaCl solution was infused in the same manner as the albumin and dextran solutions and recollection samples were obtained from five dogs. (4) Saline solution: Isotonic saline was infused at 1 ml/kg per min for 20 min and thereafter at 0.5 ml/kg per min until the end of the experiment. Recollection samples were obtained 1 hr after the start of the saline infusion. Data and details of five of the six saline experiments have been previously reported (10). The total volume of infusion given in the albumin, dextran, and control studies was 6.5 ml/kg and in the saline experiments was 62.5 ml/kg. In all experiments, except those involving dextran infusion, inulin in plasma and urine was determined by the anthrone method of Fiihr et al. (8) . In all experiments the concentration of inulin was determined in 10 nl aliquots of tubule fluid by the microfluometric method of Vurek and Pegram, however cuvettes were incubated for 10 min in boiling water rather than 5 min as originally described (11) . This method was found to be approximately 140 times more sensitive to inulin than to dextran. In an experiment in which no inulin was infused and the dextran protocol was otherwise followed, no fluorescence attributable to dextran could be detected in fluid from eight tubules. Sodium concentration in urine and plasma was determined by flame photometry.
Because dextran was found to interfere with the anthrone method for inulin, the inulin concentration in the urine and plasma in the experiments involving dextran was determined by both the anthrone method and by analysis for inulin carboxyl "C 3 by liquid scintillation counting. The mean specific activity of inulin in the three plasma samples obtained before infusion of the dextran solution was used to estimate the concentration 3 New England Nuclear Corp., Boston, Mass.
of inulin from the`C counts in the later samples of plasma that also contained dextran. In the absence of dextran, the inulin clearance for the left kidney of 19 dogs determined by the radioisotope method was 0.88 ml/min + SD 1.83 greater than that found by the anthrone method. Each liter of scintillation solution contained 200 ml of Triton X 100,4 800 ml of toluene,5 5.5 g of 2,5-diphenyloxazole (PPO)6 and 150 mg of 1,4-bis[2-(5-phenyloxazolyl) ]benzene (POPOP). 6 Since standard solutions, plasma and urine samples with and without dextran, had similar quenching properties, as determined with a radium external standard, no corrections for quenching were made.
Data from the three clearance periods before and after the infusions have been averaged and are totals for both kidneys. Changes in plasma volume were calculated from changes in hematocrit. In two experiments plasma volumes were calculated both from hematocrits and from distribution of 'I albumin (RISA-131).7 In a dog given only the standard infusion of inulin at a rate of 1.0 ml/ min, the albumin space measured by 'I albumin increased 6% in 1 hr and the change in plasma volume calculated from the hematocrit was + 4%o. In a dog given an infusion of 25% dextran solution the increases in plasma volume were 57%o measured by 'I albumin and 58% calculated from the hematocrit. Changes in fractional sodium reabsorption by the proximal tubule were calculated by the formula:
(R infusion -R hydropenia) / (R hydropenia) X 100. Where R = [1 -(P/TF) In] is the fraction of glomerular filtrate reabsorbed up to the site of micropuncture of the proximal tubule and (P/TF) ln is the measured (plasma/ tubule fluid) inulin concentration ratio. For statistical analysis, the mean control values for glomerular filtration rate, sodium excretion, plasma volume, and proximal tubule sodium reabsorption in each dog were treated as single observations and compared with the mean values during the experimental periods. The significance of these mean differences was determined by Student's t test.
Free water clearance experiments. Four dogs were anesthetized with thiopental (25 mg/kg). A tracheotomy was performed and cannulae were inserted into both external jugular veins for intravenous infusions and into the right femoral vein for blood sampling. Both ureters were catheterized through a suprapubic incision.
Water diuresis was established by intravenous infusion of 50 ml/kg of 2.5%o dextrose in water at 1 ml/kg per min followed by infusion at a rate equal to the urine flow rate. A priming dose of 60 mg/kg of inulin was followed by a constant inulin infusion of 1.2 mg/kg per min in 1.0 ml/min of saline. When urine osmolalities were less than 100 mOsm/kg and the urine flow rate was stable, clearances were measured during three periods. Hyperoncotic albumin or dex- 4 Packard Instrument Company, Downers Grove, Ill. 5J. T. Baker Chemical Company, Phillipsburg, N. J. 6 Nuclear-Chicago Corp., Des Plaines, Ill. 7 Decreased Proximal Sodium Reabsorption Without Natriuresis is not different from that after infusion of isotonic 303.7 ttEq/min. The mean increase of 296.9 ,uEq/ saline or hyperoncotic albumin. Data for these 32 min + SE 34.9 was highly significant (P < 0.001) pairs of samples from nine dogs are shown in and much greater than the increase after the infu- Fig. 1 d and Table II . Sodium excretion changed sion of hyperoncotic albumin (P < 0.001) or dexfrom the hydropenic level of 17.3 to 39.6,uEq/min. tran solutions (P < 0.001). The mean increase
The mean increase of 21.2 ,uEq/min ± SE 10.7 in glomerular filtration rate of 10.4 ml/min SE 3.3 was not statistically significant. The mean increase was also statistically significant (P < 0.025). 
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Free water clearance experiments The infusion of hyperoncotic albumin solution during water diuresis resulted in a significant increase in urine flow, from a mean of 4.98 to 11.19 ml/min (P < 0.01) and in free water clearance, from a mean of 3.45 to 9.00 ml/min (P < 0.01). Urine osmolality averaged 78 mOsm/k' of water during water diuresis and 51 mOsm/kg of water after infusion of albumin solution. Inulin clearance increased in two dogs and was unchanged in one dog after infusion of albumin solution (Table  V) .
In one dog given hyperoncotic dextran solution during water diuresis, urine flow increased from 4.85 to 8.70 mil/min and free water clearance increased from 3.50 to 7.14 ml/min. Inulin clearance was 70.2 ml/min in water diuresis and 68.1 after infusion of dextran solution.
DISCUSSION
The demonstration by Dirks, Cirksema, and Berliner (3) that fractional sodium reabsorption in the proximal tubule of the dog is depressed by infusion of isotonic saline solution and the subsequent similar finding in the rat by Cortney, Mylle, and Gottschalk (4) led to the conclusion that the natriuresis seen after infusion of saline is secondary to the observed depression of sodium reabsorption in the proximal tubule. A corollary of this thesis is that depression of sodium reabsorption in the proximal tubule should be accompanied by a natriuresis. Thus the finding in the present micropuncture experiments that infusion of solutions of hvperoncotic albumin and dextran results in a significant depression of sodium reabsorption by the proximal tubule without correspondingly large increases in sodium excretion was unexpected.
To test the inference of depression of sodium reabsorption in the proximal tubule without natriuresis, the free water clearance experiments were performed. The interpretation of the free water clearance experiments is based on the postulate that, in the absence of antidiuretic hormone, the clearance of free water is determined primarily by the volume of fluid that reaches the diluting segment of the nephron and this volume, in turn, by the glomerular filtration rate and fractional reabsorption by the proximal tubule. In the present experiments, the delivery of tubule fluid from the proximal tubule during water diuresis probably approximates that during hydropenia since fractional sodium reabsorption by the proximal tubule of the dog is not affected by infusion of 50 ml/kg of 2.5%o dextrose in water (12) . Infusion of hyperoncotic albumin solution resulted in a significant increase in free water clearance, from a mean of 4.93 to 11.82 ml/100 ml GFR/min (P < 0.01). The large percentage increase in free water clearance after infusion of albumin or dextran solutions indicates a significant depression of fractional sodium reabsorption in the proximal tubule. Furthermore, the increase in free water clearance makes it unlikely that the decreased fractional reabsorption measured in the micropuncture experiments was a local change confined to the surface nephrons. The increase in free water clearance, which cannot be accounted for by changes in glomerular filtration rate, indicates that there is a decrease in absolute as well as fractional reabsorption by the proximal tubule after the infusion of hyperoncotic solutions. Thus, while an increase in filtration rate is excluded as the cause of the decrease in fractional reabsorption, nevertheless, the nature of the intrarenal mechanism of the change in absolute sodium reabsorption is not apparent from our data. Results from micropuncture and water diuresis experiments therefore show that infusion of hyperoncotic solutions results in decreased fractional and absolute sodium reabsorption by the proximal tubule.
Infusion of isotonic saline also resulted in a depression of sodium reabsorption in the proximal tubule. However, in contrast to the small changes in sodium excretion after infusion of hyperoncotic solutions, infusion of isotonic saline resulted in an average increase in sodium excretion of 296 uEq/ min (Fig. 2) . The mean increase in sodium delivery distal to the point of micropuncture calculated from the mean changes in inulin clearance and proximal tubule sodium reabsorption was greater after saline infusion than after infusion of hyperoncotic solutions. However, as can be seen from Fig. 3 , in both the albumin and late dextran groups there were six dogs which had increases of 30-70% in sodium delivery distal to the site of micropuncture that were similar to the elevations seen in the six animals in the saline group. (Five of the seven dogs in the two hyperoncotic groups, which did not have increases in deDecreased Proximal Sodium Reabsorption Without Natriuresislivery comparable with those in the saline group actually had decreases in 'the glomerular filtration rate during the experimental period.) Nevertheless, the increases in sodium excretion in the six dogs which received hyperoncotic albumin (71.5 1uEq/min SE 10.6) and the six animals infused with hyperoncotic dextran (26.2 ,AEq/min SE 12.8) were both significantly less than the increase of 296.9 uEq/min in the six dogs which received saline (P < 0.005, P < 0.001). These large differences in sodium excretion in dogs with similar delivery of sodium distal to the point of micropuncture indicate that changes in distal delivery of sodium cannot account for the observed differences in final sodium excretion. Therefore, in this situation, factors different from those which control proximal sodium reabsorption must operate distally to govern the reabsorption of sodium in the distal nephron and consequently SODIUM to regulate final sodium excretion. During saline diuresis the increased delivery of sodium from the proximal tubule is greater than the increase in final sodium excretion, which indicates that sodium reabsorption from distal sites must be increased (3) . The increase in reabsorption of sodium from distal sites must be much greater after infusion of hyperoncotic albumin and dextran solutions, since very little of the excess sodium presented to the distal tubule appears in the urine. Recent investigations in dogs undergoing water diuresis (13, 14) have indicated that proximal tubule reabsorption of sodium is depressed by significantly smaller infusions of hypotonic saline than are required to decrease sodium reabsorption in the diluting segment of the dog nephron. The authors of these studies also concluded that control of distal sodium reabsorption is distinct from control of proximal sodium reabsorption. Bahlmann solutions lead to depression of sodium reabsorption in the proximal tubule are not known. Nor is it clear whether saline and hyperoncotic solutions produce this change by acting through identical pathways. The infusion of hyperoncotic solutions did not change plasma sodium concentration and contributed only a negligible addition to body sodium content. The control experiments, infusion of 6.5 ml/kg of 127 mEq/liter of NaCI solution, demonstrate that this small quantity of sodium had no effect on fractional sodium reabsorption by the proximal tubule. Thus, fractional sodium reabsorption by the proximal tubule can be depressed without significant changes in total body sodium content or plasma sodium concentration. It is also evident that fractional sodium reabsorption by the proximal tubule is not correlated with the volume of the interstitial space, since the interstitial space is contracted by infusion of hyperoncotic dextran or albumin solutions and expanded by the infusion of saline, yet all three infusions result in depressed fractional reabsorption by the proximal tubule.
On the other hand infusions of saline, dextran, and albumin all expanded the vascular volume (Fig. 2) . Although expansion of the vascular space may be a prerequisite for depression of proximal sodium reabsorption, additional factors must have operated in these experiments, since 30-90 min after infusion of hyperoncotic dextran, plasma volume is significantly expanded (+ 96% ± SE 4.9), whereas fractional sodium reabsorption in the proximal tubule is not depressed. 8 The existence and location of a receptor sensitive to changes in vascular volume for regulation of reabsorption by the proximal tubule remain speculative. Stretch receptors located in the left atrium have been proposed as volume receptors for the control of sodium excretion (16) . However, ablation of the afferent cardiac nerves of the dog does not affect the depression of fractional reabsorption by the proximal tubule resulting from the infusion of saline solution (10) .
A humoral agent has been suggested as one of the means by which a signal from an extrarenal receptor could be conveyed to the proximal tubule. The finding of increased sodium excretion in cross circulation experiments has been offered as evidence by DeWardener et al. (1) , by Lichardus and Pearce (17) , and by Johnston and Davis (18) that infusion of saline results in the release of a hormone that effects a decrease in both fractional and absolute sodium reabsorption. Evidence for another humoral agent that decreases fractional and absolute sodium reabsorption in the rat proximal tubule, but does not result in a significant increase in sodium excretion, has recently been presented by Martinez-Maldonado, Kurtzman, Rector, and Seldin (19) . If the effect of hyperoncotic infusions in our experiments is mediated by a hormone it would appear that this hormone is similar to the one described by MartinezMaldonado et al., since in both instances sodium reabsorption in the proximal tubule is significantly depressed without a corresponding natriuresis.
